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Pediatric oncologic emergencies comprise the cases of acute and potentially life-threatening complications that directly or indirectly emerge due to the primary disease itself or its treatment. Pediatric oncologic emergencies can be further classified into subgroups such as metabolic emergencies, neurological emergencies, thoracic emergencies, gastrointestinal emergencies, urogenital emergencies, acute respiratory distress syndrome (ARDS) and febrile neutropenia. 1 F r e q u e n t l y e n c o u n t e r e d m e t a b o l i c emergencies include tumor lysis syndrome (TLS), hyperleukocytosis, hypercalcemia and hyponatremia, TLS being the most common. TLS is commonly seen in patients with acute leukemia or Burkitt-type non-Hodgkin lymphomas (NHL), in whom tumor burden is high, cellular turnover is rapid, chemotherapeutic susceptibility is high and leukocyte counts are elevated. 2 Between 20 -50% of these cases eventually die unless TLS is appropriately diagnosed and treated. 3 The most commonly encountered neurological emergencies include spinal cord compression, convulsions, cerebrovascular accidents, increased intracranial pressure and improper intrathecal drug administrations. 4 Vena cava superior syndrome (VCSS), pleural effusion, pericardial effusion, cardiac tamponade, massive hemoptysis, pneumothorax and pneumomediastinum are included in thoracic emergencies. Among the gastrointestinal emergencies are typhlitis (neutropenic enterocolitis, necrotizing enterocolitis, ileocecal syndrome), acute massive hepatomegaly, pancreatitis and veno-occlusive disease. 5 Hemorrhagic cystitis, oliguria/ anuria and hypertension are considered as urogenital emergencies. 6, 7 The leading cause of mortality and morbidity among children under chemotherapy is infections. The patients get infected most commonly during the neutropenic intervals. 8 Although the basic principles of the approach to and treatment of such cases are similar among different institutions, clinical management practices may vary greatly. In this study, we aimed to prospectively evaluate the emergency diagnosis, clinical characteristics, treatment, outcome and prognostic factors of the oncologic emergency patients admitted to the Pediatric Oncology Department of Çukurova University Medical School between 2014 and 2015.
Material and Methods
Patients admitted to the Pediatric Oncology Department of Çukurova University Medical School between June 2014 and December 2015, in whom at least one oncologic emergency condition (e.g., metabolic, neurological, thoracic, gastrointestinal or urogenital emergencies, or ARDS) was detected, were prospectively evaluated. Patients admitted for febrile neutropenia were excluded, in that, febrile neutropenia is a separate clinical entity and lies within the scope of another discipline. The study was approved by the Ethics Board for Medical Research (18 July 2014, approval number: 2014-7/33).
Upon gathering informed consent, the patients' age, gender, oncologic diagnoses, oncologic emergency diagnoses, admission dates to the emergency department, symptoms of presentation, clinical features, physical examination findings, laboratory results, imaging results, treatments and outcomes were recorded. The patients' medical records and oncologic follow-up charts were referred in order to obtain and record the detailed information regarding the following: histopathological diagnosis and stage of their primary disease, date of primary diagnosis, presenting symptoms at the time of primary diagnosis, chemotherapy protocols administered up to date and date of recurrence, if any. The patients were evaluated on a daily basis during their hospital stay, and the data regarding the laboratory studies, imaging studies, recruited treatments and clinical responses were recorded.
TLS was classified as laborator y TLS or clinical TLS, according to the Cario-Bishop classification. 9 The cases with at least two of the Cario-Bishop laboratory TLS criteria (hyperuricemia, hyperkalemia, hyperphosphatemia, hypocalcemia) were identified as laboratory TLS. The cases showing one or more of the following: acute kidney failure (AKF), cardiac arrhythmia/sudden cardiac death or convulsion in addition to the above-defined laboratory TLS findings were identified as clinical TLS. All patients with TLS were hydrated with potassium free I.V. ½ saline solution at 3000 ml/m 2 . During the course of hydration, fluid input-output was closely monitored to maintain the urinary output and urine density at 3-5 ml/kg/h and less than 1010, respectively. Intravenous furosemide (0.5-1 mg/ kg/dose) was given to patients with insufficient urinary outputs despite the hydration therapy. The hydration fluid was supplemented with bicarbonate (50-100 mEq/L) in order to establish urinary alkalinization and to increase uric acid solubility. Urinary pH was maintained at 7-7.5. Blood samples were taken and sent to the laboratory for Na, K, urea, uric acid, phosphorus and calcium measurements once daily, or more frequently, as required depending on the patients' initial leukocyte counts and tumor loads. All patients with TLS were given the xanthine oxidase inhibitor, allopurinol, orally at 10 mg/kg/day or 300 mg/m 2 /day divided into 2 or 3 equal doses, so as to decrease uric acid production. Rasburicase, a recombinant urate oxidase enzyme, was administered in a selected group of patients at 0.2 mg/kg/ day, once or twice daily. To prevent secondary hyperkalemia due to TLS, I.V. hydration was performed without potassium. The patients with severe hyperkalemia (>6 mEq/L) or demonstrating signs of hyperkalemia on the electrocardiogram (ECG) were managed with potassium-lowering interventions (Ca gluconate, Na bicarbonate, insulin). The patients were given low-phosphate diets and hydration to prevent hyperphosphatemia secondary to TLS. Symptomatic hypocalcemic patients secondary to TLS were given 0.5-1 ml/kg I.V. bolus Ca gluconate (given within 5-10 minutes) under close cardiac monitorization for bradycardia.
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The patients in whom electrolyte imbalance persisted, urinary output was inadequate or AKF occurred despite all given hydration therapies and symptomatic treatments, underwent hemodiafiltration (HDF).
The patients with peripheral leukocyte counts greater than 100,000 /mm 3 were included in the hyperleukocytosis group and received I.V. hydration therapy at 3,000 ml/m 2 , alkaline fluids and allopurinol and leukocyte apheresis if necessary. Patients with spinal cord compression were evaluated with MRI as soon as possible and a pre-diagnosis for the primary disease was established. For the symptomatic patients, 1-2 mg/kg dexamethasone was commenced and maintained at 0.5 mg/kg/dose every 6 hours. For patients diagnosed with VCSS, the head side of the bed was elevated and oxygen was supplemented with reservoir masks. Fluid intake was restricted in order to prevent cardiac failure, and I.V furosemide (0.5-1 mg/kg) was given to the cases with fluid overload. The patients with a suspicion of typhlitis were evaluated using standing direct abdominal radiographs, abdominal USG and abdominal CT. Oliguria and anuria were defined as having a urinary output of <1 ml/kg/h and having no urinary output at all, respectively. Berlin definition for ARDS was used in our study. 10 SPSS 16.0 software was used for statistical analyses. Descriptive statistical expressions (median, percentage, frequency) were used for the majority of the calculations. Student-t and Mann-Whitney U tests were recruited to evaluate the statistical significance of the differences between groups with numerical variables showing and not showing a normal distribution, respectively. Non-numerical variables were analyzed using the Chi-square test. Statistical significance was defined as having a p-value lower than 0.05.
Results
This study included a total of 88 patients with an oncologic emergency condition diagnosed between June 2014 and December 2015, except for febrile neutropenia. A total of 90 hospitalizations occurred during the study period. Two cases developed two distinct emergency conditions each, at different times. For 17 patients, there were more than one concurrent oncologic emergency conditions.
A total of 110 emergency conditions were detected during the study period. Coexistence of hyperleukocytosis and TLS was detected in 6 patients; hyperleukocytosis, TLS and hypercalcemia in 2 patients; hyperleukocytosis and pleural effusion in 1 patient; convulsion and ARDS in 1 patient; spinal cord compression and convulsion in 2 patients; TLS and pleural effusion in 1 patient; TLS, massive hepatomegaly and ARDS in 1 patient; TLS and VCSS in 2 patients; VCSS and pleural effusion in 1 patient. Of the patients included in the study, 59 were male (67%) and 29 were female (33%), with a male to female ratio of 2.
The number of the newly diagnosed oncology patients was 362 during the study period. An oncologic emergency condition was detected in 63 (17.4%) of these patients, either at the time of diagnosis or during their follow-up. Among the presenting complaints of all oncologic patients, fever and breathing difficulties were the most commonly encountered ( Fig. 1 ). Oncologic emergencies other than TLS are shown in Table III . When all patients with an oncologic emergency condition were considered, 44 (67.7%) of the 65 oncologic emergency cases, whose emergency conditions were present during the primary disease course recovered and were discharged; whereas for the emergency cases with a recurring disease, the rates were 15 (60%) out of 25. Mortality and discharge rates were found to be statistically similar between these two patient populations (p=0.49).
Thirteen (43.4%) of the 30 oncologic emergency patients with solid tumors, and 18 (30%) of the 60 emergency patients with hematologic or lymphoid malignant conditions died. The difference between the mortality rates of the patients with solid tumors and those with hematologic/lymphoid malignancies was not statistically significant (p=0.21).
Discussion
Among pediatric oncology patients, oncologic emergencies are commonly encountered and usually require hospitalization; nevertheless, there are a limited number of studies on this patient group. Although there are numerous studies in the literature regarding febrile neutropenia, data on the other oncologic emergencies are scarce. Here in this study, we aim to raise awareness on these conditions.
According to the 2002 data, of all age group (14) . Our study revealed that, of the oncologic emergency patients, 59 were male (67.1%) and 29 were female (32.9%), with a male to female ratio of 2. In accordance with the majority of the previous literature, there were more male patients than females admitting to the oncologic emergency department. Our results demonstrate that there is a male predominance in oncologic emergency admissions, which is in parallel with the case for the adult oncologic patient population. This male predominance among the pediatric oncology cases may be partly attributable to the similar epidemiological situation regarding the adult patients, and also it may be a consequence of a possible positive discrimination favoring males, which is phenomenal in our country's socio-cultural atmosphere. The gender distribution of all the 362 newly diagnosed oncology patients in our department during our study period, which was between June 2014 and December 2015, was as 219 males (60.5%) and 143 females (39.5%).
As for the presenting complaints of the oncologic emergency patients in our study, fever (n=21; 23.3%) and breathing difficulties (n=20; 22.2%) were the most commonly encountered ones. Yaylacı et al., in their emergency department study, reported that the most common presenting symptom was breathing difficulty (22%). In their work, fever was considered as a constitutional symptom along with weight loss, fatigue, lack of appetite, poor general status and edema. In that study, the prevalence of the constitutional symptoms was reported to be 20% (13) . In another emergency department study by Bozdemir et al., dyspnea was reported to be the second (17%) and fever to be the fourth (13%) most common presenting symptom among oncologic patients. 14 There was no statistically significant difference between the two groups (p = 0.13).
All patients with laboratory TLS were treated with hydration, alkalization and allopurinol, and TLS eventually resolved in all. One patient belonging to this group (8.3%) died during the follow-up due to febrile neutropenia. The results of our study show that the patients with laboratory TLS completely recover with IV hydration, alkalization and allopurinol treatments. One patient with significant hyperphosphatemia underwent and benefitted from HDF.
Among the manifestations to establish the diagnosis of clinical TLS, AKF was present in 16 patients (88.9%) and sudden death occurred in 2 (11.1%); whereas convulsion did not occur in any patient. These results altogether indicate that AKF is the most frequent manifestation encountered in the clinical TLS patients. Ten patients with clinical TLS (55.6%) and 1 patient with laboratory TLS (8.3%) were lost despite all efforts and interventions. Clinical TLS was found to lead to significantly higher mortality rates than laboratory TLS (p=0.009). The majority of the patients (75%) who recovered from clinical TLS (n=8) underwent HDF (n=6), which was suggestive of the fact that HDF might have a beneficial effect on the survival rates in this patient group. On the other hand, although HDF seemed to improve the course of clinical TLS, the difference between the mortality rates among the patients who did and did not undergo HDF was not statistically significant (45.4% vs. 71.4%; p=0.36).
Continuous renal replacement therapy (CRRT)
is an extracorporeal treatment method for the patients with renal dysfunction, in which fluid, electrolytes and small-and mid-sized solutes are continuously cleared out of the blood through a machine with a special pumping system. There are several types of CRRT according to the access sites (arteriovenous, venovenous), returning points of the replacement fluid (pre-dilution, post-dilution) and the principle mode of action (hemofiltration, hemodialysis, hemodiafiltration). Convection and diffusion mechanisms underlie the physicochemical basis for hemofiltration and hemodialysis, respectively; while for HDF, both mechanisms work. HDF is the most effective solute-clearing method among the others 20 , which makes it the method of choice in our hospital. The infrastructure and experienced staff needed for HDF are available in our institution.
In our study, 44 (67.7%) of the 65 oncologic emergency cases, whose emergency conditions were present during the primary disease course recovered and were discharged; whereas as for the emergency cases with a recurring disease, the rates were 15 (60%) out of 25. Our study revealed that the mortality and discharge rates were found to be statistically similar between these two patient populations (i.e., patients with a primary condition and the patients with a recurring disease) (p=0.49). Thirteen (43.4%) of the 30 oncologic emergency patients with solid tumors and 18 (30%) of the 60 emergency patients with hematologic or lymphoid malignant conditions died. Our study also showed that the difference between the mortality rates of the patients with solid tumors and those with hematologic/lymphoid malignancies was not statistically significant (p=0.21). In our study, of the total 90 oncologic emergency admissions, 59 patients (65.6%) were discharged and 31 patients (34.4%) died. This high mortality rate suggests that the pediatric patients with an oncologic emergency diagnosis need to be approached quickly and systematically in the light of current scientific knowledge.
